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INTRODUCTION 
I n f o r m a t i o n  abou t  s o i l  l i m i t a t i o n s  i s  necessary  t o  d e t e r m i n e  t h e  
c a p a b i l i t y  and s u i t a b i l i t y  o f  an a rea  f o r  d i f f e r e n t  l a n d  uses.  The 
v a r i o u s  t ypes  o f  s o i  1  1  i m i  t a t i o n s  , a c c o r d i n g  t o  t h e  So i  1  C o n s e r v a t i o n  
S e r v i c e  (SCS, 1961),  a r e  e r o s i o n ,  wetness,  s o i l  r o o t i n g  zone and 
c l i m a t e .  T h i s  i n f o r m a t i o n  i s  n o r m a l l y  d e r i v e d  f r o m  i n t e r p r e t a t i o n  o f  
d e t a i l e d  soi-1 surveys.  The p r i m a r y  sources o f  s o i l  su rveys  a r e  t h e  
USDA S o i l  C o n s e r v a t i o n  S e r v i c e  and t h e  c o o p e r a t i v e  s o i l  s u r v e y  wh ich  
i s  composed o f  agenc ies ,  b o t h  s t a t e  and f e d e r a l ,  who c o m p i l e  and use 
s o i l  su rvey  i n f o r m a t i o n  f o r  l a n d  use p l a n n i n g .  F o l l o w i n g  a r e  two 
examples i l l u s t r a t i n g  t h e  use of i n f o r m a t i o n  a b o u t  s o i l  1  i m i  t a t i o n s  
f o r  l a n d  use d e c i s i o n s .  A  d e t a i l e d  s o i l  su rvey  i s  t h e  f i r s t  
r e q u i r e m e n t  o f  a  f a r m  c o n s e r v a t i o n  p l a n  by t h e  S o i l  C o n s e r v a t i o n  
S e r v i c e .  Based upon t h e  s o i l  su rvey ,  t h e  c a p a b i l i t y  o f  each p i e c e  
o f  l a n d  i s  p lanned f o r  a  p a r t i c u l a r  l a n d  use.  One o f  t h e  f i r s t  i t ems  
t h e  Bureau o f  Rec lamat ion  needs f o r  t h e  proposed i r r i g a t i o n  p l a n  o f  
an a r e a  i s  a  d e t a i l e d  l a n d  c l a s s i f i c a t i o n  i n d i c a t i n g  t h e  s u i t a b i l i t y  
of t h e  l a n d  f o r  i r r i g a t i o n .  Examples such as t h e  above can be c i t e d  
f o r  p r a c t i c a l l y  any agency i n v o l v e d  i n  l a n d  use p l a n n i n g .  
'Approved f o r  p u b l i c a t i o n  b y  t h e  D i r e c t o r  o f  t h e  South Dakota 
Agr. Exp. S ta .  as J ~ - _ S e r ~ ~ - 1 0 7 0  .e RSI-72-02. Work per formed 
under  NASA c o n t r a c 3  NGL 42-003-007 under t h e  d i r e c t i o n  o f  t h e  E a r t h  
Observa t i ons  O f f i c e  and t h e  O f f i c e  o f  U n i v e r s i t y  A f f a i r s .  P resen ted  
a t  t h e  F o u r t h  Annual E a r t h  Observa t i ons  Program Review, Jan. 17-21, 
1972. Manned Spacec ra f t  Center ,  Houston,  Texas. 
'Ass i s t a n t  P r o f e s s o r  and P r o f e s s o r ,  P l a n t  Sc ience  ~ e ~ a i t m e n  t ; 
Research A s s i s t a n t  and D i r e c t o r ,  Remote Sensi  ng I n s  t i t u t e ,  South Dakota 
S t a t e  U n i v e r s i t y ,  w roo kings, S.-D. 57006, r e s p e c t i v e l y .  
- .  
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W i t h  p r e s e n t  techn iques  t h i s  t y p e  of i n f o r m a t i o n  w i l l  n o t  be 
a v a i l a b l e  f o r  a l l  o f  t h e  U n i t e d  S t a t e s  u n t i l  t h e  1 9 9 0 ' s .  Fo r  i n s t a n c e ,  
South Dakota has c u r r e n t  s o i l  su rveys  f o r  s l i g h t l y  l e s s  t h a n  o n e - t h i r d  
o f  t h e  65 c o u n t i e s .  U s i n g  p r e s e n t  techn iques  s o i l  s c i e n t i s t s  a r e  n o t  
p r o d u c i n g  t h i s  needed i n f o r m a t i o n  as f a s t  as i t  i s  b e i n g  demanded. 
More d e t a i l e d  and a c c u r a t e  i n f o r m a t i o n  i s  e s s e n t i a l  f o r  t h e  more 
i n t e n s i v e  l a n d  uses o f  t h e  f u t u r e .  H o p e f u l l y ,  remote  s e n s i n g  i s  a  
t o o l  t h a t  can he1 p  s a t i s f y  t h i s  problem. However, c o n s i d e r a b l e  
r e s e a r c h  w i l l  be  necessary  t o  d e t e r m i n e  t h e  e x a c t  r o l e  o f  remote  
s e n s i n g  f o r  p r o v i d i n g  s o i l  l i m i t a t i o n  d a t a .  
The l o n g  range  o b j e c t i v e  o f  t h i s  r e s e a r c h  i s  t o  e s t a b l i s h  
p r i n c i p l e s  f o r  r e c o g n i z i n g  and mapping s o i l  l i m i t a t i o n s  u s i n g  remote  
s e n s i n g  t e c h n i q u e s .  The p r e s e n t  c o n c e p t  f o r  u s i n g  remote  sens ing  t o  
c o l l e c t  d a t a  a b o u t  s o i  1  1  i m i t a t i o n s  encompasses u s i n g  mu1 t i s p e c t r a l  
and tempora l  d a t a  f r o m  s p a c e c r a f t  and a i r c r a f t .  The s a t e l l i t e  imagery  
w i l l  be i n t e r p r e t e d  by  s t a n d a r d  techn iques  o f  pho to  i n t e r p r e t a t i o n  f o r  
d e l i n e a t i o n  o f  g e n e r a l  s o i l  a reas .  The a i r c r a f t  imagery  w i  11 b e  used 
t o  i d e n t i f y  and map t h e  component p a r t s  o f  t h e  g e n e r a l  s o i l  a reas .  
W i th  t h i s  concep t  i n  mind t h e  o b j e c t i v e s  f o r  t h e  s t u d y  i n  1971 
were : 
1. To d e t e r m i n e  p r o p e r  t i m i n g  and wave l e n g t h s  f o r  i d e n t i f y i n g  
and mapping s o i  1  1  i m i t a t i o n s .  
2. To e s t a b l i s h  r a n g e l a n d  t e s t  s i t e s  f o r  d e t e r m i n i n g  t h e  u s e f u l -  
ness o f  ERTS imagery.  
The f i r s t  o b j e c t i v e  r e l a t e s  t o  s t u d y i n g  a  proposed i r r i g a t i o n  p r o j e c t  
o f  an a r e a  o f  f a i r l y  i n t e n s i v e  a g r i c u l t u r e  where d e t a i l e d  i n f o r m a t i o n  
a b o u t  s o i l  l i m i t a t i o n s  i s  needed. W i t h  t h e  p r e s e n t  p r e d i c t e d  
r e s o l u t i o n  o f  ERTS imagery ,  t h i s  l e v e l  o f  i n f o r m a t i o n  i s  n o t  expected 
t o  be o b t a i n e d  f r o m  t h e  use o f  ERTS d a t a .  The second o b j e c t i v e  r e l a t e s  
d i r e c t l y  t o  p o t e n t i a l  ERTS a p p l i c a t i o n s .  The t y p e  o f  s o i l s  d a t a  needed 
f o r  r a n g e l a n d  areas i s  more g e n e r a l  and ERTS t y p e  imagery  s h o u l d  be 
a b l e  t o  p r o v i d e  a  m a j o r  p a r t  o f  t h i s  i n f o r m a t i o n .  
LOCATION AND DESCRIPTION OF STUDY AREAS 
OAH E  
The s t u d y  a rea  es tab1  i s h e d  i n  1969 (F razee  e t  a1 . , 1970, 1971) 
i n c l u d e s  s o i l s  and l a n d  uses t y p i c a l  o f  t h e  proposed Oahe i r r i g a t i o n  
p r o j e c t  and t h e  a d j a c e n t  g l a c i a l  d r i f t  a r e a  ( F i g u r e  1 ) .  T h i s  a r e a  was 
s e l e c t e d  f o r  remote s e n s i n g  r e s e a r c h  because o f  t h e  l a r g e  amount o f  
ground t r u t h  d a t a  a v a i l a b l e .  The South Dakota A g r i c u l t u r a l  Exper iment  
S t a t i o n  i n  c o o p e r a t i o n  w i t h  t h e  S o i l  C o n s e r v a t i o n  S e r v i c e  has conducted 
a  d e t a i l e d  s o i l  su rvey  o f  t h e  a rea  (Wes t in  e t  a l . ,  1954) .  The Bureau 
o f  Rec lamat ion  f u r n i s h e d  d e t a i l e d  l a n d  c l a s s i f i c a t i o n  maps o f  t h e  
p o r t i o n  o f  t h e  f l i g h t  l i n e  t h a t  l i e s  i n  t h e  proposed Oahe p r o j e c t .  A 
u n i q u e  advantage o f  s t u d y i n g  t h i s  a r e a  i s  t h e  o p p o r t u n i t y  o f  u s i n g  
remote s e n s i n g  t o  f o l l o w  t h e  development o f  an i r r i g a t i o n  p r o j e c t  f r o m  
i n i t i a l  l a n d  c l a s s i f i c a t i o n  t o  a c t u a l  w a t e r  use and t h e  e v e n t u a l  e f f e c t s  
o f  i r r i g a t i o n  on l a n d  use.  
The Oahe p r o j e c t  encompasses most  o f  t h e  Lake Dakota  P l a i n  ( F l i n t ,  
1955),  t h e  s i t e  o f  a  g l a c i a l  l a k e  l a t e  i n  t h e  Wiscons inan g l a c i a l  
p e r i o d .  The s u r f a c e  o f  t h e  Lake Dakota P l a i n  i s  e x t r e m e l y  f l a t ,  excep t  
where s h a l l o w  s t ream channe ls  occu r ,  r a n g i n g  i n  e l e v a t i o n  f r o m  1295 t o  
1310 f e e t  above sea l e v e l .  The s o i l  p a r e n t  m a t e r i a l s  a r e  l a m i n a t e d  
l a c u s t r i n e  s i l t  and c l a y  d e p o s i t s  v a r y i n g  i n  t h i c k n e s s  f r o m  3 t o  35 
f e e t  (Wes t in ,  1970) .  The c l i m a t i c  env i ronment  i s  c o o l - t e m p e r a t e  w i t h  
i r r e g u l a r  and u s u a l l y  d e f i c i e n t  r a i n f a l l  . 
The f l i g h t  l i n e  may be separa ted  i n t o  two b road  p h y s i o g r a p h i c  u n i t s ,  
t h e  Lake Dakota  P l a i n  and t h e  W i l l i a m s  Loamy P l a i n  (F razee  e t  a l . ,  1971) .  
The s o i l s  v a r y  f r o m  f r i a b l e  s i l t  loams w i t h  no l i m i t a t i o n s  o t h e r  t h a n  
c l i m a t e  t o  s o i l s  w i t h  dense s u b s u r f a c e  h o r i z o n s  ( c l a y p a n s )  c l o s e  t o  
t h e  s u r f a c e  wh ich  a r e  n o t  s u i t e d  f o r  i r r i g a t i o n .  
The p r i m a r y  s o i l  l i m i t a t i o n s  a r e :  
1. e r o s i o n  o f  convex u p l a n d  s l o p e s  
2. wetness i n  d e p r e s s i o n a l  o r  a l l u v i a l  a reas  
3. s o i l  r o o t i n g  zone l i m i  t a t i o n s  
a. c laypans  o f  v a r y i n g  d e n s i t y  and t h i c k n e s s  o c c u r r i n g  a t  
v a r y i n g  depths  f r o m  t h e  s u r f a c e  
b .  s t o n i n e s s  
c .  s l o w l y  permeable s u b s t r a t u m  
A d d i t i o n a l  i n f o r m a t i o n  about  t h e  s t u d y  a rea  may be found  i n  West in  e t  
a l . ,  1954 and West in ,  1970. 
BENNETT COUNTY 
B e n n e t t  County l i e s  i n  t h e  M i s s o u r i  P l a t e a u  s u b d i v i s i o n  o f  t h e  
G r e a t  P l a i n s  p h y s i o g r a p h i c  p r o v i n c e  which  i s  covered by  T e r t i a r y  
sediments (Fenneman, 1938) .  T h i s  a r e a  was s e l e c t e d  because o f  t h e  
1  a rge  amount o f  g round t r u t h  a v a i  1 a b l e  (Co l  1  i n s  , 1959, 1960 ; Chamber1 i n  
and Radeke, 1 9 7 1 ) .  The c o u n t y  i s  p a r t  o f  t h e  P i n e  Ridge I n d i a n  
R e s e r v a t i o n  w i t h  a b o u t  300,000 o u t  o f  t h e  761,000 ac res  managed b y  t h e  
Bureau o f  I n d i a n  A f f a i r s .  The m a j o r  l a n d  uses a r e  r a n c h i n g  (75%) 
and w i n t e r  wheat f a r m i n g  ( 2 3 % ) .  
The c l i m a t e  o f  B e n n e t t  County i s  s e m i a r i d  and c o n t i n e n t a l  w i t h  
l a r g e  v a r i a t i o n s  i n  seasonal  t empera tu res  and p r e c i p i t a t i o n .  Approx- 
i m a t e l y  t h r e e - f o u r t h s  of t h e  c o u n t y  i s  cove red  w i t h  n a t i v e  m id -  t o  
s h o r t - r a n g e  grasses.  The s o i  1  p a r e n t  m a t e r i a l  c o n s i s t s  p r i m a r i l y  of 
s i  1  ty t o  sandy sed iments  w i t h  a s s o c i a t e d  a1 1  uvium. 
The m a j o r  s o i l '  l i m i t a t i o n s  a r e :  
1. e r o s i o n  o f  s l o p i n g  up land  s o i l s  
2. wetness o f  d e p r e s s i o n a l  o r  a l l u v i a l  a reas . . 
3.  s o i l  r o o t i n g  zone l i m i t a t i o n s  
a. c laypans  o f  v a r y i n g  depths  and t h i c k n e s s  
b. s h a l l o w  d e p t h  t o  g r a v e l  
c. s h a l l o w  sandy and s i l t y  s o i l s  
d .  s h a l l o w  dep th  t o  bedrock  
A d d i t i o n a l  i n f o r m a t i o n  abou t  B e n n e t t  County and t h e  s t u d y  a r e a  may b e  
found  i n  Chamber l i n  and Radeke, 1971, and C o l l i n s ,  1959, 1960. 
EXPERIMENTAL METHODS AND PROCEDURES 
F l i g h t s  b y  t h e  Remote Sens ing I n s t i t u t e  a i r c r a f t  were conducted 
a l o n g  t h e  Oahe f l i g h t  l i n e  d u r i n g  t h e  1970 c r o p  g row ing  season f o r  
t h e  purpose o f  c o l l e c t i n g  p h o t o g r a p h i c  imagery  w i t h i n  t h e  ERTS 
wave l e n g t h  bands f o r  s t u d y i n g  s o i l  l i m i t a t i o n s  ( F i g u r e  1, T a b l e  I ) .  
NASA a i r c r a f t  f l i g h t s  (RB-57 and C-130) were reques ted  b u t  none were 
o b t a i n e d .  Ground t r u t h  i n f o r m a t i o n  on t h e  v a r i o u s  l a n d  use and s o i l  
c o n d i t i o n s  was r e c o r d e d  a t  t h e  t i m e  o f  o v e r f l i g h t .  The f i l m  
t r a n s p a r e n c i e s  f r o m  t h e s e  f l i g h t s  were e v a l u a t e d  f o r  image q u a l i t y  
(American S o c i e t y  o f  Photogrammetry, 1960) and p r i n t s  were made o f  
s e l e c t e d  areas f o r  l a b o r a t o r y  and f i e l d  s t u d y .  Camera, f i l m  and f i l t e r  
d a t a  f o r  imagery  s t u d i e d  i n  d e t a i l  a r e  l i s t e d  i n  T a b l e  I. 
To h e l p  i n t e r p r e t a t i o n  o f  t h e  f i l m  t ran ' spa renc ies  l i s t e d  i n  
T a b l e  I, a  d e n s i t y  s l i c i n g  sys tem ( F i g u r e  2 )  wh ich  c o l o r  e n ~ o d e d  t h e  . , , .. 
v a r i o u s  f i l m  d e n s i t y  1  e v e l s  ( S p a t i a l  Data D a t a c o l o r  703-32) was used - 
by  e x p e r i e n c e d  s o i  1  s u r v e y o r s  i n  o r d e r  t o  i d e n t i f y  and map s o i l  
l i m i t a t i o n s .  The r e s u l t a n t  c o l o r  encoded r e p r e s e n t a t i o n  was photograph-  
ed and an e n l a r g e d  p r i n t  was made f o r  f i e l d  check ing .  
3 ~ r a d e  name i s  i n c l u d e d  o n l y  f o r  b e n e f i t  o f  r e a d e r  and does n o t  
i m p l y  endorsement o r  p r e f e r e n t i a l  t r e a t m e n t .  
The d e n s i t y  s l i c i n g  sys tem ana lyzes  t h e  v a r i a t i o n  i n  t o n e  o f  
t r a n s p a r e n c i e s  and d i s p l a y s  t h e  c o l o r  encoded d e n s i t y  l e v e l s  on a  c o l o r  
t e l e v i s i o n  sc reen .  The sys tem has t h e  f o l l o w i n g  components i d e n t i f i e d  
i n  F i g u r e  2 :  
1. l i g h t  box t o  i l l u m i n a t e  t h e  f i l m  t r a n s p a r e n c i e s  
2. p r e c i s i o n  monochromat ic t e l e v i s i o n  camera 
3.  e l e c t r o n i c  c o l o r  a n a l y z e r  wh ich  separa tes  t h e  shades o f  g r a y  
and c o l o r  codes t h e  s i g n a l  f o r  each g r a y  l e v e l  i n t o  as many 
as 32 l e v e l s  
4. c o l o r  t e l e v i s i o n  m o n i t o r  f o r  d i s p l a y i n g  e i t h e r  t h e  c o l o r  
a n a l y s i s  o r  an  image f r o m  t h e  o r i g i n a l  t r a n s p a r e n c y  
5. e l e c t r o n i c  p l a n i m e t e r  t h a t  measures t h e  p e r c e n t  a r e a  o f  
each c o l o r  encoded d e n s i  t y  1  eve1 
6. c o n t r o l  keyboard  
A s t a n d a r d  s t e p  wedge may be used t o  c a l i b r a t e  t h e  c o l o r  l e v e l s  
t o  o p t i c a l  d e n s i t i e s .  S p e c t r a l  f i  1  t e r s  may be used on t h e  t e l e v i s i o n  
camera t o  enhance t h e  d a t a  r e c e i v e d  f r o m  t h e  t h r e e  s p e c t r a l  s e n s i t i v e  
l a y e r s  o f  c o l o r  f i l m s .  
The B e n n e t t  County f l i g h t  l i n e  ( F i g u r e  1 )  was e s t a b l i s h e d  i n  1970 
t o  s t u d y  remote  s e n s i n g  o f  s o i l  1  i m i t a t i o n s  i n  r a n g e l a n d  a reas  i n  
p r e p a r a t i o n  f o r  ERTS app l  i c a t i o n s .  Camera, f i  lm, and. f i l t e r  d a t a  f o r  
imagery  c o l l e c t e d  f o r  t h e  s t u d y  a r e a  a r e  l i s t e d  i n  T a b l e  I .  The m a j o r  
e f f o r t  d u r i n g  t h i s  r e p o r t i n g  p e r i o d  c o n s i s t e d  o f  l o c a t i n g  areas t o  
be used as t e s t  s i t e s  f o r  r e s e a r c h  u s i n g  ERTS d a t a  and i n t e r p r e t i n g  
t h e  imagery  c o l l e c t e d  f o r  f e a t u r e s  expected t o  be i d e n t i f i a b l e  on ERTS 
imagery.  Themat ic maps were produced u s i n g  a e r i a l  p h o t o  a n a l y s i s  f o r  
l a n d  use and d r a i n a g e  p a t t e r n s .  These w i l l  be  used as ground t r u t h  
f o r  s t u d y i n g  t h e  p o t e n t i a l  o f  ERTS d a t a  f o r  d e t e c t i n g  s o i l  l i m i t a t i o n s ,  
i d e n t i f y i n g  l and fo rms ,  and d e t e r m i n i n g  l a n d  use. 
RESULTS AND DISCUSSION 
TEMPORAL ANALYSIS 
D e s c r i p t i o n  o f  Photographs 
C o l o r  i n f r a r e d  and b l a c k  and w h i t e  photographs t a k e n  on s i x  
d i f f e r e n t  d a t e s  d u r i n g  t h e  1970 g row ing  season were s t u d i e d  t o  e v a l -  
u a t e  t h e  u s e f u l n e s s  of seasona l  i n f o r m a t i o n  f o r  mappinq s o i l  l i m i t a t i o n s  
( T a b l e  I ) .  Two aspec ts  were cons ide red ,  t h e  b e s t  t i m e  t o  o b t a i n  t h e  
p h o t o g r a p h i c  i n f o r m a t i o n  and t h e  v a l u e  o f  u s i n g  i n f o r m a t i o n  f r o m  more 
t h a n  one t i m e  t o  s t u d y  s o i l  l i m i t a t i o n s .  Severa l  f i e l d s  of t h e  m a j o r  
c rops grown i n  t h e  Oahe a r e a  were  s t u d i e d .  One.32 h e c t a r e  f i e l d  
showing r e p r e s e n t a t i v e  seasonal  changes o f  t h e  s p r i n g  g ra i -ns ,  w h i c h a r e  
t h e  m a j o r  c rops  o f  t h e  area,  w i l l  be  d i s c u s s e d  and i l l u s t r a t e d  
( F i g u r e  1). 
Four  d i f f e r e n t  s i t u a t i o n s  were  observed f o r  t h e  s i x  f l i g h t  d a t e s  
a v a i l a b l e  f o r  s t u d y  ( F i g u r e  3 ) .  The ground f e a t u r e s  on t h e  photographs 
f r o m  t h e  May, June and J u l y  da tes  were a l l  d i f f e r e n t  whereas t h e  ones 
from t h e  August ,  September and November da tes  were s i m i l a r  b u t  
d i f f e r e n t  f r o m  t h e  above t imes .  
A  more o r  l e s s  random p a t t e r n  o f  d i f f e r e n t  tones i s  shown on t h e  
May image ( F i g u r e  3 ) .  The f i e l d  was p l a n t e d  t o  s p r i n g  wheat, wh ich  
was 5-10 cm h i g h .  The r e s u l t i n g  p a t t e r n  i s  produced p r i m a r i l y  b y  t h e  
s o i l  s u r f a c e .  The l i g h t e s t  tones a r e  s e v e r e l y  eroded areas whereas 
t h e  d a r k e s t  tones a r e  areas w i t h  wetness 1  i m i t a t i o n s  (F razee  e t  a1 . , 
1970).  T h i s  same p a t t e r n  wou ld  be expected i f  t h e  f i e l d  were f a l l o w e d  
o r  u n p l a n t e d .  However, t h e  e f f e c t  o f  t h e  wheat c r o p  i s  t o  change t h e  
d e n s i t y  o r  c o l o r  v a l u e  o f  t h e  tones o f  t h e  s u r f a c e  f e a t u r e s .  T h e r e f o r e  
a l t h o u g h  t h e  p h o t o g r a p h i c  p a t t e r n  o f  t h i s  f i e l d  and a  f a l l o w  f i e l d  may 
b e  t h e  same, i n  o r d e r  t o  map t h e  s o i l  l i m i t a t i o n s  o f  t h e s e  f i e l d s  
d i f f e r e n t  s i g n a t u r e s  wou ld  be necessary .  
By June 25 t h e  wheat had grown t o  f u l l  h e i g h t ,  80 cm, and was 
weedy ( F i g u r e  3 ) .  The s o i l  s u r f a c e  p a t t e r n  o f  t h e  May image i s  a l m o s t  
c o m p l e t e l y  masked. The p a t t e r n  c o n s i s t s  . o f  v a r y i n g  l e v e l s  o f  i n f r a r e d  
r e f l e c t a n c e  w i t h  d i s t i n c t  c i r c u l a r  l i g h t  s p o t s  wh ich  a r e  weeds. Some 
of t h e , s e v e r e l y  eroded areas can b e  i d e n t i f i e d .  
On J u l y  2 1  t h e  s p r i n g  wheat  was 80 cm h i g h ,  90% mature ,  and 
weedy. The p h o t o g r a p h i c  p a t t e r n  i s  due a l m o s t  e n t i r e l y  t o  d i f f e r e n c e s  
i n  t h e  v e g e t a t i o n .  Very few d i s t i n c t  d i f f e r e n c e s  i n  r e f l e c t a n c e  a r e  
n o t e d  ( F i g u r e  3 ) .  A few areas w i t h  wetness l i m i t a t i o n  a r e  e v i d e n t  
( F i g u r e  3 ) .  
The August  12, September 10 and November 5 photographs were t a k e n  
a f t e r  t h e  s p r i n g  wheat  was ha rves ted .  A s t u b b l e  1 5  cm h i g h  w i t h  weeds 
masked t h e  s o i l  s u r f a c e  and i s  r e s p o n s i b l e  f o r  t h e  p h o t o g r a p h i c  p a t t e r n .  
O f  t h e s e  d a t a ,  o n l y  t h e  November photographs a r e  i l l u s t r a t e d  ( F i g u r e  3 ) .  
DENSITY SLICING ANALYSIS 
The S p a t i a l  Data System ( F i g u r e  2 )  was used t o  enhance t h e  
p h o t o g r a p h i c  d e n s i t y  d i f f e r e n c e s  p r e s e n t  f o r  t h e  d i f f e r e n t  d a t e s .  The 
c o l o r  encoded May and June images r e p r e s e n t  p r i m a r i l y  s o i l  and vegeta-  
t i o n  m o d i f i e d  s o i l  f e a t u r e s ,  w h i l e  t h e  J u l y  and November' images show 
some c u l t i v a t i o n  o r  c u l t u r a l  e f f e c t s .  
The c o l o r  encoded r e p r e s e n t a t i o n  o f  t h e  May image i s  b e s t  f o r  
o b t a i n i n g  i n f o r m a t i o n  a b o u t  s o i l  l i m i t a t i o n s .  The s e v e r e l y  eroded 
areas a r e  shown i n  ye1  low, t h e  areas w i t h  s l i g h t  t o  moderate  e r o s i o n  
haza rd  a r e  green,  t h e  r e d  c o l o r  p o r t r a y s  t h e  normal  s o i l s ,  and t h e  w e t  
areas a r e  b l u e  on t h e  May image ( F i g u r e  4 ) .  T h i s  c o l o r  encoded 
r e p r e s e n t a t i o n  was f i e l d  checked and was f o u n d  t o  c o r r e l a t e  w i t h  t h e  
s o i l  1 i m i t a t i o n s  a c t u a l l y  p r e s e n t  (Frazee e t  a l . ,  1971).  
The d e n s i t y  s l i c i n g  a n a l y s i s  o f  t h e  June image i s  somewhat 
d i f f e r e n t  ( F i g u r e  4 ) .  A l t h o u g h  most  o f  t h e  s e v e r e l y  eroded areas a r e  
c o l o r  encoded y e l l o w ,  t h e  o t h e r  s o i l  l i m i t a t i o n s  a r e  n o t  r e p r e s e n t e d .  
The s p r i n g  wheat  has masked t h e  s o i l  s u r f a c e  e x c e p t  f o r  t h e  s e v e r e l y  
eroded areas and t h e  r e s u l t i n g  v e g e t a t i v e  cove r  does n o t  r e f l e c t  o r  
show t h e  o t h e r  s o i l  l i m i t a t i o n s  p r e s e n t .  T h i s  i s  t h e  m a j o r  prob lem 
o f  u s i n g  v e g e t a t i o n  as an i n d i c a t o r  o f  s o i l  l i m i t a t i o n s  i n  c u l t i v a t e d  
a reas .  The c r o p  grown i s  n o r m a l l y  s e l e c t e d  t o  m i n i m i z e  t h e  e f f e c t s  
o f  s o i l  l i m i t a t i o n s  o r  i s  n o t  a f f e c t e d  e v e r y  y e a r .  
The p r i m a r y  f e a t u r e  shown on t h e  c o l o r  encoded J u l y  image i s  a  
somewhat r e c t a n g u l a r  a r e a  i n  t h e  m i d d l e  o f  t h e  f i e l d  ( F i g u r e  4 ) .  T h i s  
f e a t u r e  i s  i n t e r p r e t e d  t o  be t h e  r e s u l t  o f  t h e  f a r m e r ' s  c u l t u r a l  o r  
c u l  t i v a t i o n  p r a c t i c e s .  
A s i m i l a r  f e a t u r e  i s  i l l u s t r a t e d  on t h e  November image ( F i g u r e  4 ) .  
However, t h e  l o c a t i o n  o f  t h e  a r e a  i s  d i f f e r e n t .  
On t h e  b a s i s  o f  t h i s  a n a l y s i s ,  t h e  May 26 image was b e s t  f o r  
i d e n t i f y i n g  and mapping s o i l  l i m i t a t i o n s .  The reason b e i n g  t h a t  t h e  
s o i l  s u r f a c e  p a t t e r n  was most  a p p a r e n t  a t  t h a t  t ime .  T h e r e f o r e ,  t h e  
optimum t i m e  f o r  o b t a i n i n g  imagery  t o  s t u d y  s o i l  l i m i t a t i o n s  i n  t h e  
s t u d y  a rea  i s  when t h e  s o i l  s u r f a c e  p a t t e r n  can be sensed o r  
photographed. I n  t h e  Oahe a rea  t h i s  i s  May. The p e r c e n t  o f  f i e l d s  
a l o n g  t h e  f l i g h t  l i n e  f o r  wh ich  s o i l  l i m i t a t i o n s  c o u l d  be a d e q u a t e l y  
mapped u s i n g  t h i s  c r i t e r i a  ( o b s e r v a b l e  s o i l  s u r f a c e  p a t t e r n s )  f o r  
t h e  v a r i o u s  t i m e s  s t u d i e d  i s :  May 26, 59%; J u l y  21, 20%; August  13, 
18%; September 10, 18%; and November 5 ,  21%. These r e s u l t s  sugges t  
t h a t  t o  map s o i l  l i m i t a t i o n s  o f  t h e  s t u d y  a r e a  b y  remote  s e n s i n g  
techn iques ,  imagery  f r o m  more t h a n  one t i m e  o r  y e a r  w i l l  be  r e q u i r e d  
COMPARISON OF DENSITY SLICING ANALYSIS WITH SOIL SURVEY 
The d e n s i t y  s l i c i n g  a n a l y s i s  o f  t h e  b e s t  seasona l  image f o r  
d e t e c t i n g  s o i l  l i m i  t a t i o n s  was compared w i t h  t h e  e x i s t i n g  s o i l  s u r v e y  
map o f  t h i s  f i e l d  ( W e s t i n  e t  a l . ,  1954) t o  a n a l y z e  t h e  v a l u e  o f  d e n s i t y  
f o r  mapping s o i l  l i m i t a t i o n s  ( F i g u r e s  5  and 6 ) .  The s o i l  map shows two 
mapping u n i t s  w h i c h  d i f f e r  i n  s l o p e  and c o m p o s i t i o n  ( F i g u r e  6 ) .  The 
No. 67 mapping u n i t  i s  W i l l i a m s - B o w b e l l s  loams, u n d u l a t i n g  (3-5% s l o p e ) .  
The No. 23 mapping u n i t  i s  B o w b e l l s - W i l l i a m s  loams, n e a r l y  l e v e l  
(0 -2% s l o p e ) .  A t  f i r s t  g l a n c e  t h e  d e n s i t y  s l i c i n g  a n a l y s i s  bea rs  
l i t t l e  resemblance t o  t h e  s o i l  map ( F i g u r e  6 ) .  There i s  a  h i g h e r  
pe rcen tage  o f  y e l l o w  and green c o l o r  encoded areas i n  upper  l e f t  o f  
t h e  image. These c o l o r s  a r e  a s s o c i a t e d  w i t h  t h e  s o i l s  o c c u r r i n g  on 
more s l o p i n g  areas.  The c o l o r  encoded r e p r e s e n t a t i o n  shows t h e  complex 
of f o u r  s o i l s  b e t t e r  t h a n  t h e  o r i g i n a l  s o i l  map. The d e n s i t y  s l i c i n g  
' a n a l y s i s  was checked i n  t h e  f i e l d  and c o r r e l a t e s  w i t h  t h e  s o i l s  f ound  
i n  t h i s  f i e l d  ( F i g u r e  5 ) .  
A d d i t i o n a l  and more a c c u r a t e  i n f o r m a t i o n  abou t  t h e  boundar ies  
d e l i n e a t i n g  areas o f  s i m i l a r  s o i l  l i m i t a t i o n s  i s  o b t a i n a b l e  f r o m  t h e  
d e n s i t y  s l i c i n g  a n a l y s i s  t h a n  f r o m  t h e  e x i s t i n g  s o i l  map. There  a r e  
two m a j o r  reasons f o r  t h i s .  F i r s t ,  t h e  d e n s i t y  s l i c i n g  system i s  
e x t r e m e l y  f a s t  and e f f i c i e n t  a t  measur ing  f i l m  d e n s i t y  and g r o u p i n g  
areas o f  t h e  same d e n s i t i e s .  T h i s  a l l o w s  f o r  many more o b s e r v a t i o n s  
than  a  human c o u l d  f e a s i b l y  make i n  a  r e a s o n a b l e  l e n g t h  o f  t i m e .  The 
o t h e r  reason i s  r e l a t e d  t o  t h e  q u a l i t y  o f  t h e  photograph wh ich  t h e  
s o i l  s c i e n t i s t  used t o  make t h e  s o i l  su rvey  ( F i g u r e  7 ) .  The photograph 
was a s t a n d a r d  ASCS photograph t a k e n  w i t h  panchromat i c  f i l m  w i t h  minus 
b l u e  f i l t e r  i n  August ,  1939. The s o i l  s u r f a c e  was covered a lmos t  
c o m p l e t e l y  b y  a  c r o p  and v e r y  l i t t l e  i n f o r m a t i o n  c o u l d  be d e r i v e d  f r o m  
photograph b y  t h e  s o i l  s c i e n t i s t  t o  make i n f e r e n c e s  abou t  t h e  s o i l s  
p r e s e n t  i n  t h i s  f i e l d  ( F i g u r e  7 ) .  T h i s  i s  t h e  p rob lem o f  u s i n g  s t a n d a r d  
ASCS photographs f o r  mapping s o i l s .  ASCS photographs a r e  taken  p r i m a r -  
i l y  t o  l o c a t e  and measure cropped f i e l d  boundar ies  f o r  compl iance w i t h  
government f a r m  programs. The ASCS photographs a r e  n o r m a l l y  t a k e n  i n  
mid-summer, wh ich ,  as shown i n  t h e  p r e v i o u s  a n a l y s i s  ( F i g u r e s  3 and 4 ) ,  
i s  n o t  t h e  optimum t i m e  f o r  o b t a i n i n g  photographs f o r  s o i l  su rveys  i n  
c u l t i v a t e d  areas.  The most  i m p o r t a n t  immedia te  use o f  remote  s e n s i n g  
f o r  s o i l  su rveys  wou ld  b e  t o  p r o v i d e  t h e  s o i l  s u r v e y o r  w i t h  an image 
o r  photograph t a k e n  s p e c i f i c a l l y  f o r  s o i  1  su rvey .  
FILM QUALITY 
The f i l m  t r a n s p a r e n c i e s  o b t a i n e d  f r o m  t h e  70 mm H a s s e l b l a d  
cameras u s i n g  b l a c k  and w h i t e  f i l m s  f i l t e r e d  f o r  t h e  g reen  and r e d  
p o r t i o n s  o f  t h e  spect rum and b l a c k  and w h i t e  i n f r a r e d  f i l m  were 
e v a l u a t e d  f o r  t h e  f i  l m  qua1 i t y  c h a r a c t e r i s  t i c s  o f  t o n e  c o n t r a s t  and 
sharpness,  (Amer ican S o c i e t y  o f  Photogrammetry, 1960) (Tab1 e  I). The 
purpose was t o  e v a l u a t e  imagery  c o l l e c t e d  i n  s i m i l a r  wavebands as 
w i l l  be used i n  R B V  t e l e v i s i o n  cameras on t h e  ERTS s a t e l l i t e  f o r  
o b s e r v i n g  s o i l  p a t t e r n s .  From t h i s  s i m p l e  a n a l y s i s ,  t h e  RBV camera 
f i l t e r e d  f o r  t h e  r e d  p o r t i o n  o f  t h e  spect rum appears most  u s e f u l  f o r  
s t u d y i n g  s o i l  ( T a b l e  11). The s o i  1  p a t t e r n s  were n e a r l y  a lways 
observed e a s i e s t  on t h e  Plus-X o r  T r i - X  f i l m  f i l t e r e d  f o r  t h e  r e d  
p o r t i o n  o f  t h e  spect rum because o f  g r e a t e r  t one  c o n t r a s t  and image 
sharpness . 
BENNETT C O U N T Y  
The mosiac of the Bennett County f l i g h t  l i n e  i s  shown in Figure 
8. The primary features  a re  the sandy rangelands, southern par t  of 
south half of f l i g h t  l i n e ,  cul t ivated areas in the middle of the  f l i g h t  
l i n e ,  and the s i l t y  and loamy rangelands on the north half  of the f l i g h t  
l i n e  (Figure 8 ) .  This f l i g h t  l i n e  was established t o  co l l e c t  data f o r  
t e s t ing  the usefulness of the ERTS s a t e l l i t e  f o r  studying so i l  
1 imitat ions . 
Drainage pat tern  and land use have been in terpre ted f o r  the 
f l i g h t  l i ne .  A representa t ive  area of the f l i g h t  l i n e  wi l l  be used 
t o  i l l u s t r a t e  the nature of the t e s t  data.  
The drainage pat tern  of the northern half  of the f l i g h t  l i n e  
cor re la tes  wi t h  1  and use boundaries (Figures 9 and 10) .  The areas 
su i t ab le  f o r  cu l t iva t ion  a r e  n o t  dissected by drainageways or have 
very few drainageways. The density of the drainage pat tern  has some 
corre la t ion with slope (Figure 9 ) .  
The land use boundaries were determined primarily by observing 
the presence of regular  pat terns  or f i e l d  boundaries (Figure 10) .  Of 
the land use categor ies ,  rangeland and cropland appear to be eas i ly  
separated,  b u t  the cropland and hayland areas a re  hard t o  d is t inguish  
from each other .  
SUMMARY 
Research t o  determine the optimum time or season fo r  obtaining 
imagery t o  iden t i fy  and map s o i l  l imi ta t ions  was conducted in the 
proposed Oahe i r r i ga t i on  project  area in South Dakota. The optimum 
time f o r  securing photographs or imagery i s  when the so i l  surface 
patterns a r e  most apparent. For cul t ivated areas s imi la r  t o  the study 
a rea ,  May i s  the optimum time. The f i e l d s  a r e  cul t ivated o r  the 
planted crop has not y e t  masked the s o i l  surface fea tu res .  Soil 
l imi ta t ions  in 59 percent of the f i e l d  of the f l i g h t  l i n e  could be 
mapped using the above c r i t e r i a .  The remaining f i e l d s  cannot be mapped 
because the vegetation or growing crops did not express fea tures  
re la ted  t o  so i l  d i f ferences .  This suggests t h a t  imagery from more than 
one year i s  necessary t o  map completely the s o i l  l imi ta t ions  of Oahe 
area by remote sensing techniques. Imagery from the other times studied 
i s  not su i t ab l e  f o r  ident i fy ing and mapping so i l  l imi ta t ions  because 
the vegetat ive cover masked the so i l  surface and did not r e f l e c t  the 
soi 1 d i f ferences  . 
The density s l i c i ng  analys is  of the May image provided addit ional  
and more accurate information than did the exis t ing so i l  map. The 
so i l  boundaries were more accurately located. The use of a' density 
analysis  system f o r  an operational so i l  survey has not been t e s t ed ,  b u t  
i s  obviously dependent upon securing excel lent  photographs fo r  in terpre-  
t a t i on .  The colors or dens i t i e s  of photographs wil l  have t o  be 
corrected fo r  sun angle e f f e c t s ,  vignett ing e f f e c t s ,  and processing t o  
have maximum effectiveness f o r  mapping s o i l  l imi ta t ions .  
Rangeland s i t e s  were established in Bennett County, South Dakota 
t o  determine the usefulness of ERTS imagery. Imagery from these areas 
was in terpre ted f o r  land use and drainage pat terns .  
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Figure 2.- Spatial Data Datacolor 703-32 density slicing system. 
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May 26 June 25 
July 21 November 5 
Figure 3.- Color infrared photographs of 1970 time analysi s. 
Tl18N, R65W, Sec. 3, NE 1/4. Crop is spring wheat . 
Scale = 1:12,675. 
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Figure 4.- Color encoded representation of Figure 3. 
41-22 
Co lor infra t'ed 
imagery May, 1970 
Defls~ty slicing analysis 
Figure 5.- Density slicing analysis of best seasonal image of 
1970 for detecting soil limitations. T118N, R65W, Sec. 3, 
NE 1/4. Scale = 1:6,330. 
Density slicing analysis Existing soil map 
Figure 6.- Comparison of density slicing analysis with existing 
soil survey map. Tl18N, R65W, Sec. 3, NE 1/4. Scale = 1:6,330. 
41- 23 
41- 24 
Color infrared 
imagery May, 1970 
Panchromatic film 
August, 1939 
Figure 7.- Comparison of remote sensing photograph with photograph 
used by soil scientists for soil survey. Tl18N, R65W, Sec. 3, 
NE 1/4. Scale = 1:6,330. 
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41- 26 
Plus-X f i lm with 25A filter, June, 1971 
Drainage pattern 
Figure 9.- Drainage analysis of a representative area of the 
northern half of the Bennett County flight line. Scale = 62,~OO 
41- 27 
Plus-X film with 25A filter, June, 1971 
Land use 
Figure 10.- Land use analysis of a representative area of the 
northern half of the Bennett County flight line. Scale = 62,500. 
Yellow = cropland, Green = hayland, Brown = range or pasture. 
